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Adjustable Timing Circuit of an Integrated Circuit 



5 Technical Field of the Invention 

The present invention relates generally to integrated circuits and in particular the 
present invention relates to adjusting a timing of control signals. 



Background of the Invention 

10 Memory devices are typically provided as internal storage areas in the computer. 

The term memory identifies data storage that comes in the form of integrated circuit 
chips. There are several different types of memory. One type is RAM (random-access 
memory). This is typically used as main memory in a computer environment. RAM 
refers to read and write memory; that is, you can both write data into RAM and read 

1 5 data from RAM. This is in contrast to ROM, which permits you only to read data. 
Most RAM is volatile, which means that it requires a steady flow of electricity to 
maintain its contents. As soon as the power is turned off, whatever data was in RAM is 
lost. 

Computers almost always contain a small amount of read-only memory (ROM) 
20 that holds instructions for starting up the computer. Unlike RAM, ROM cannot be 

written to. An EEPROM (electrically erasable programmable read-only memory) is a 

special type non- volatile ROM that can be erased by exposing it to an electrical charge. 

Like other types of ROM, EEPROM is traditionally not as fast as RAM. EEPROM 

comprise a large number of memory cells having electrically isolated gates (floating 
25 gates). Data is stored in the memory cells in the form of charge on the floating gates. 

Charge is transported to or removed from the floating gates by programming and erase 

operations, respectively. 

Yet another type of non- volatile memory is a flash memory. A flash memory is 

a type of EEPROM that can be erased and reprogrammed in blocks instead of one byte 
30 at a time. Many modern personal computers have their BIOS stored on a flash memory 

Docket No.: 400.002US01 Micron: 99-1318 



chip so that it can easily be updated if necessary. Such a BIOS is sometimes called a 
flash BIOS. Flash memory is also popular in modems because it enables the modem 
manufacturer to support new protocols as they become standardized. 

A typical flash memory comprises a memory array that includes a large number 
5 of memory cells arranged in row and column fashion. Each of the memory cells 

includes a floating gate field-effect transistor capable of holding a charge. The cells are 
usually grouped into blocks. Each of the cells within a block can be electrically 
programmed on a random basis by charging the floating gate. The charge can be 
removed from the floating gate by a block erase operation. The data in a cell is 

1 0 determined by the presence or absence of the charge in the floating gate. 

A synchronous DRAM (SDRAM) is a type of DRAM that can run at much 
higher clock speeds than conventional DRAM memory. SDRAM synchronizes itself 
with a CPUs bus and is capable of running at 100 MHZ, about three times faster than 
conventional FPM (Fast Page Mode) RAM, and about twice as fast EDO (Extended 

15 Data Output) DRAM and BEDO (Burst Extended Data Output) DRAM. SDRAM's can 
be accessed quickly, but are volatile. Many computer systems are designed to operate 
using SDRAM, but would benefit from non- volatile memory. 

Integrated circuits, such as memory devices, include internal signal processing 
circuits. That is, one or more signals are processed to generate additional internal 

20 signals. The timing between these signals can be critical to the operation of the 
integrated circuit. Because the initial design of internal circuitry is often changed 
during debugging, the integrated circuit masks must be changed. The economic and 
time delays of changing the masks are not desirable. Further, structural limitations 
often result in a compromised solution to problems identified during testing. 

25 For the reasons stated above, and for other reasons stated below which will 

become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for signal processing and timing circuitry that can 
be adjusted during and after testing. 

30 
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Summary of the Invention 
The above-mentioned problems with integrated circuits and other problems are 
addressed by the present invention and will be understood by reading and studying the 
following specification. 
5 In one embodiment, an integrated circuit timing circuit comprises a 

programmable non-volatile fuse circuit, and an adjustable delay element coupled to the 
programmable non-volatile fuse circuit. The delay element has a plurality of 
propagation times selectable in response to the programmable non-volatile fuse circuit. 
In another embodiment, an integrated circuit timing circuit comprises a 

10 programmable non-volatile fuse circuit, a volatile latch circuit coupled to the non- 
volatile fuse circuit, and a plurality of adjustable delay elements coupled to the volatile 
latch circuit. Each of the plurality of adjustable delay elements comprises a propagation 
path, and a plurality of capacitors selectively coupled to the propagation paths of the 
plurality of adjustable delay elements in response to the volatile latch circuit. 

15 A memory device, in an embodiment, comprises an array of memory cells, 

access circuitry to generate a plurality of memory array access signals, and an 
adjustable timing circuit coupled to the access circuitry. The adjustable timing circuit 
comprises a programmable non- volatile fuse circuit, and an adjustable delay element 
coupled to the programmable non-volatile fuse circuit. The delay element has a 

20 plurality of propagation times selectable in response to the programmable non- volatile 
fuse circuit. 

A method of adjusting a signal timing circuit is provided. The method 
comprises programming a non-volatile fuse circuit, and selecting a signal propagation 
time length in response to the programmed non- volatile fuse circuit. 

25 A method is provided to test a memory device having a signal propagation path. 

The method comprises programming a plurality of non- volatile fuses to store first data, 
selectively coupling one or more capacitors to the propagation path in response to the 
first data to provide a first propagation path delay time, and testing the memory using 
the first propagation path delay time. The plurality of non- volatile fuses are also 

30 programmed to store second data, and one or more capacitors are selectively coupled to 
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the propagation path in response to the second data to provide a second propagation 
path delay time. The memory is then tested using the second propagation path delay 
time. 

5 Brief Description of the Drawings 

Figure 1 is a block diagram of a memory incorporating the present invention; 
Figure 2 is an interconnect diagram of one embodiment of the memory of Figure 

1; 

Figure 3 a block diagram of an adjustable timing circuit of the present invention; 
1 0 Figure 4 is a schematic diagram of another an adjustable timing circuit of the 

present invention; 

Figure 5 is a timing diagram of the operation of the circuit Figure 4; 
Figure 6 is another timing diagram of the operation of the circuit Figure 4; 
Figure 7 is another timing diagram of the operation of the circuit Figure 4; and 
1 5 Figure 8 is a more detailed schematic of an adjustable delay circuit of an 

embodiment of a present invention. 

Detailed Description of the Invention 

In the following detailed description of the preferred embodiments, reference is 

20 made to the accompanying drawings that form a part hereof, and in which is shown by 

way of illustration specific preferred embodiments in which the inventions maybe 

practiced. These embodiments are described in sufficient detail to enable those skilled 

in the art to practice the invention, and it is to be understood that other embodiments 

may be utilized and that logical, mechanical and electrical changes may be made 

25 without departing from the spirit and scope of the present invention. The following 

detailed description is, therefore, not to be taken in a limiting sense, and the scope of the 

present invention is defined only by the claims. 

Referring to Figure 1, a block diagram of one embodiment of the present 

invention is described. A memory device 100 is coupled to a processor 200. The 

30 memory device 100 includes an array of non- volatile flash memory cells 102. The 
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array is arranged in a plurality of addressable banks. In one embodiment, the memory 
contains four memory banks 104, 106, 108 and 110. Each memory bank contains 
addressable sectors of memory cells. The data stored in the memory can be accessed 
using externally provided location addresses received by address register 1 12. The 
5 addresses are decoded using row address multiplexer circuitry 1 14. The addresses are 
also decoded using bank control logic 116 and row address latch and decode circuitry 
118. To access an appropriate column of the memory, column address counter and 
latch circuitry 120 couples the received addresses to column decode circuitry 122. 
Circuit 124 provides input/output gating, data mask logic, read data latch circuitry and 

10 write driver circuitry. Data is input through data input registers 126 and output through 
data output registers 128. Command execution logic 130 is provided to control the 
basic operations of the memory device. A state machine 132 is also provided to control 
specific operations performed on the memory arrays and cells. A status register 134 
and an identification register 136 can also be provided to output data. The command 

1 5 circuit 1 30 and/or state machine 1 32 can be generally referred to as control circuitry to 
control read, write, erase and other memory operations. 

Figure 2 illustrates an interconnect pin assignment of one embodiment of the 
present invention. The memory package 150 has 54 interconnect pins. The pin 
configuration is substantially similar to available SDRAM packages. Two 

20 interconnects specific to the present invention are RP# 152 and Veep 154. Although the 
present invention may share interconnect labels that are appear the same as SDRAM's, 
the function of the signals provided on the interconnects are described herein and 
should not be equated to SDRAMs, unless set forth herein. It will be appreciated that 
the present invention is not limited to a specific package configuration. 

25 Prior to describing the operational features of the memory device, a more 

detailed description of the interconnect pins and their respective signals is provided. 
The input clock connection is used to provide a clock signal (CLK). The clock signal 
can be driven by a system clock, and all synchronous flash memory input signals are 
sampled on the positive edge of CLK. CLK also increments an internal burst counter 

30 and controls the output registers. 
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The input command input connections for RAS#, CAS#, and WE# (along with 
CAS# ? CS#) define a command that is to be executed by the memory, the timing of 
internal circuitry coupled to one or more of these inputs can be adjusted as described in 
detail below. Address inputs 133 are primarily used to provide address signals. In the 
5 illustrated embodiment the memory has 12 lines (A0-A1 1). Other signals can be 
provided on the address connections, as described below. The address inputs are also 
used to provide an operating code. Address lines A0-A1 1 are also used to input mode 
settings during a mode register load operation. 

Bank address input connections, BAO and BA1 define which bank an active, 

1 0 read, write, or block protect command is being applied. The DQO-DQ 1 5 connections 
are data bus connections used for bi-directional data communication. The VCC 
connection provides a power supply, such as 3V. A ground connection is provided 
through the Vss connection. Another optional voltage is provided on the VCCP 
connection. The VCCP connection can be tied externally to VCC, and sources current 

15 during device initialization, write and erase operations. That is, writing or erasing to 
the memory device can be performed using a VCCP voltage, while all other operations 
can be performed with a VCC voltage. The Veep connection is coupled to a high 
voltage switch/pump circuit 145. 

One embodiment of the memory is a nonvolatile, electrically sector-erasable 

20 (Flash), programmable read-only memory containing 67, 1 08,864 bits organized as 
4,194,304 words by 16 bits. Other population densities are contemplated, and the 
present invention is not limited to the example density. Each memory bank is organized 
into four independently erasable blocks (16 total). To ensure that critical firmware is 
protected from accidental erasure or overwrite, the memory can include sixteen 256K- 

25 word hardware and software lockable blocks. The memory's four-bank architecture 
supports true concurrent operations. In general, the synchronous flash memory is 
configured similar to a multi-bank DRAM that operates at low voltage and includes a 
synchronous interface. 

The memory cells of the above flash memory are floating gate transistors. 

30 Floating gate transistors are field-effect transistors (FET) having an electrically isolated 
Docket No. : 400.002US0 1 Micron: 99- 1 3 1 8 



(floating) gate that controls electrical conduction between source and drain regions. 
Data is represented by charge stored on the floating gate and the resulting conductivity 
obtained between source and drain regions. A programmed memory cell has a higher 
threshold voltage than an erased memory cell. 
5 For example, a floating gate memory cell can be formed in a P-type substrate 

with an N-type diffused source region and an N-type drain diffusion formed in the 
substrate. The spaced apart source and drain regions define an intermediate channel 
region. A floating gate, typically made of doped polysilicon, is located over the channel 
region and is electrically isolated from the other cell elements by oxide. For example, a 

1 0 thin gate oxide can be located between the floating gate and the channel region. A 

control gate is located over the floating gate and can also be made of doped polysilicon. 
The control gate is separated from the floating gate by a dielectric layer. 

Conventionally, a flash cell is programmed by charging the floating gate of the 
flash cells. The charge is drawn from the flash cells' channel regions into the floating 

1 5 gates by applying relatively high drain-to-source and gate-to-source voltage pulses to 
the flash cells. During programming, the flash cells generate hot electrons in the 
channel current that travel at a saturated or maximum velocity, and thus have high 
energy. Hot electrons arise in the channels of flash cells because the drain-to-source 
voltages are sufficiently high, and the flash cells' gate lengths are sufficiently small. 

20 Hot electrons in the channel current form a programming current used to program the 
flash cell. The programming current is the flow of hot electrons from a flash cell 
channel region into its floating gate. Hot electrons can only surmount the energy barrier 
separating the floating gate and the channel when the energy barrier is reduced by a 
sufficiently high gate-to-source voltage, such as when the flash cell operates in the 

25 linear region. To erase a memory cell, the charge stored on the floating gate is 
removed. 

Signal processing, such as array access signals, in the memory device is 
controlled using adjustable timing circuitry, explained below. The circuitry includes 
adjustable delay elements and programmable non- volatile fuses. The fuses can be flash 
30 memory cells as described above. The data stored in the non-volatile fuses can be 
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coupled to volatile latches for use during integrated circuit operation. That is, reading a 
volatile latch can often be performed faster than reading a non-volatile cell. 

The present invention provides a non- volatile 'fuse' circuit 190 that can be 
selectively programmed to control timing circuits in an integrated circuit. In one 
5 embodiment, the fuse elements 190 are coupled to programmable delay circuits 192 and 
194 as illustrated in Figure 3. The delay elements are arranged in a timing chain and are 
coupled to latch circuits 196. The latch circuits can be set/re-set latches. 

Referring to Figure 4, another embodiment of the present invention is described. 
Non-volatile fuse circuitry 200 is coupled to delay elements 204, 206, 208, 210 and 212. 

10 Delay element 204 is coupled to fuses 3, 4 and 5. Each of the delay elements are 

coupled to three fuses. For example, delay element 212 is coupled to fuses 15, 16 and 
17. The delay elements are coupled in series between input 250 and latch circuitry 220. 
Other circuitry may be coupled to the delay elements. For example, an inverter 221 and 
a NAND gate 224 are coupled with delay element 202 to form a one-shot signal 

15 generator. The output signals from several of the delay elements are coupled to 

multiple latch circuits 222, 224 and 226. Figures 5, 6 and 7 illustrate timing diagrams 
of the operation of the circuit of Figure 4. By adjusting the fuse elements 0-17 of the 
fuse circuit 200, the delay times of the series coupled elements are adjusted to control a 
propagation time of the delay chain. 

20 In Figure 5, all of the timing elements have a delay of two time units. That is, a 

signal transition received on an input of a delay element is coupled to an output of the 
delay element in two time units. Note, in the following timing diagram, the delay time 
of the logic gates is assumed to be zero. At TO an input signal on node 250 transitions 
from a low state to a high state. The signal is coupled though NOR gate 252 and 

25 NAND gate 224 to pull node TPIN high (Reset signal is low). Delay element 202 
delays the signal from the second input of NAND gate 224 for two units. After two 
units, the output of the NAND gate transitions to a low state, time T2. Thus, TPIN is 
high from TP0 to TP2. Because the delay elements are all set to a common delay time, 
the two-unit signal is rippled through the delay chain. The first latch circuit 222 is 

30 coupled to signals TO and the output of delay 208 (TP2). As such, TOUT0 transitions 
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high at T2 and the latch is reset at T6 in response to TP2. The second latch circuit 224 
is coupled to signals TO and TP3 (delay 210). As such, TOUT1 transitions high at T2 
and latch 224 is reset at T8 in response to TP3. Finally, the third second latch circuit 
226 is coupled to signals TP1 and TP4 (output of delay 212). Thus, TOUT2 transitions 
5 high at T4 and the latch is reset at Tl 0 in response to TP4. 

Figure 6 illustrates a timing diagram of the circuit of Figure 4 wherein some of 
the delay element times are adjusted. Delay elements 206 and 212 are adjusted so that 
they have a delay of one time unit and delay elements 208 and 210 are adjusted to have 
a delay of three time units. As illustrated, the TP1 and TP4 signals transition to a high 

1 0 state one time unit following the TPO and TP3 signal transitions, respectively. 

Likewise, the TP2 and TP3 signals transition to a high state one time unit following the 
TP1 and TP2 signal low transitions, respectively. As such, the TOUT1 signal resets at a 
later time. That is, TOUT 1 transitions to a low state at T9 instead of T8. The set 
transition of TOUT2 has been adjusted to transition to a high state at T3 instead of T4. 

1 5 Another embodiment of the present invention is illustrated in Figure 7 where the 

non-volatile fuse circuit has been programmed to change the delay element times. Here 
only delay element 206 has been adjusted so that it has a delay of three time units. As 
illustrated, the TP1 signal transitions to a high state three time units following the TPO 
signal high transition. As such, the TOUT0 signal resets at a later time. That is, 

20 TOUT0 transitions to a low state at T7 instead of T6. Likewise, both transitions of the 
TOUT2 signal are shifted out by one time unit. Also, TOUT1 is reset at T9 instead of 
T8. 

Figure 8 illustrates two series coupled delay elements 280 and 290. Each of the 
delay elements has three input signals to select a delay time. Delay element 280 is 

25 coupled to fuses 0, 1 and 2, provided on nodes 282, 284 and 286, respectively. The 
delay times are controlled by coupling one or more capacitors 300-305 to a signal path 
of the delay elements 280 and 290. That is, a capacitor can be selectively coupled to 
series coupled inverters 3 10 in response to latches 320. Latches 320 are volatile and 
can be cross-coupled inverters as illustrated. When the latch is programmed to store a 

30 logic one, the n-channel transistor 330 couples capacitor 300 to the signal propagation 
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path 340 between input 350 and output 360. Likewise, the transistor is turned off when 
the latch is programmed as a logic zero. The latch circuit is selectively coupled to a 
non-volatile fuse circuit 200 via load transistors 365. As such, data stored in the non- 
volatile fuse elements is copied to the volatile latch when the load transistors are 
5 activated via Load signal on node 370. Table 1 illustrates logic states of the six fuses 
and representative time delays units (assuming zero delay due to propagation through 
the inverter series). It will be appreciated that the delay units of the series coupled 
delay elements are cumulative. For example, a delay time of 3 delay units for each 
delay element results in a total delay time of six delay units. 

10 
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TABLE 1 



The above described embodiments and operating examples should not be 

1 5 construed as limiting the present invention. One skilled in the art, with the benefit of 
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the present description, will understand that changes in the circuitry can be made 
without departing from the present invention. For example, more complicated latch 
circuitry can be coupled to the delay element(s). Likewise, the input circuitry can be 
modified to receive multiple input signals. One application of the present invention is 
5 in a memory device to adjust timing of signals used to access a memory array. For 
example, a column address strobe signal can be used in a memory to trigger a series of 
events during a read operation. The timing of these events can be adjusted using the 
present invention. 



10 Conclusion 

An adjustable timing circuit has been described. The timing circuit includes 
non- volatile programmable fuses and adjustable delay elements. In one embodiment, 
the data stored in the programmed fuses is copied to volatile latch circuits for use during 
operation of the timing circuit. The delay element can include capacitors that are 

1 5 selectively coupled to a propagation path in response to the data stored in the fuse 

circuits. The adjustable timing circuit can be provided in any integrated circuit, but is 
particularly useful in memory devices. The timing system allows for testing and fine- 
tuning signal processing in the integrated circuits. 

Although specific embodiments have been illustrated and described herein, it 

20 will be appreciated by those of ordinary skill in the art that any arrangement that is 

calculated to achieve the same purpose may be substituted for the specific embodiment 
shown. This application is intended to cover any adaptations or variations of the 
present invention. Therefore, it is manifestly intended that this invention be limited 
only by the claims and the equivalents thereof. 
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What is claimed is: 

1 . An integrated circuit timing circuit comprising: 
a programmable non- volatile fuse circuit; and 

an adjustable delay element coupled to the programmable non- volatile fuse 
circuit, the delay element has a plurality of propagation times selectable in response to 
the programmable non-volatile fuse circuit. 

2. The integrated circuit timing circuit of claim 1 further comprising a volatile 
latch circuit coupled between the programmable non-volatile fuse circuit and the 
adjustable delay element. 

3. The integrated circuit timing circuit of claim 1 wherein the programmable non- 
volatile fuse circuit comprises a plurality of flash memory cells. 

4. The integrated circuit timing circuit of claim 1 further comprises a set/reset latch 
coupled to an output of the adjustable delay element. 

5. The integrated circuit timing circuit of claim 1 wherein the adjustable delay 
element comprises a plurality of capacitors selectively coupled to a propagation path in 
response to the programmable non-volatile fuse circuit to establish one of the plurality 
of propagation times. 

6. An integrated circuit timing circuit comprising: 
a programmable non-volatile fuse circuit; 

a volatile latch circuit coupled to the non- volatile fuse circuit; and 

a plurality of adjustable delay elements coupled to the volatile latch circuit, each 

of the plurality of adjustable delay elements comprises a propagation path, and a 

plurality of capacitors selectively coupled to the propagation paths of the plurality of 

adjustable delay elements in response to the volatile latch circuit. 

Docket No. : 400.002US0 1 Micron: 99-1318 

12 



7. The integrated circuit timing circuit of claim 6 wherein the plurality of 
capacitors selectively coupled to the propagation paths via a switch activated by the 
volatile latch circuit. 

8. The integrated circuit timing circuit of claim 6 further comprising: 

logic circuitry coupled to an input of the plurality of adjustable delay elements; 

and 

latch circuitry coupled to an output of the plurality of adjustable delay elements. 

9. A memory device comprising: 
an array of memory cells; 

access circuitry to generate a plurality of memory array access signals; and 
an adjustable timing circuit coupled to the access circuitry, the adjustable timing 
circuit comprises, 

a programmable non-volatile fuse circuit, and 

an adjustable delay element coupled to the programmable non- volatile 
fuse circuit, the delay element has a plurality of propagation times selectable in 
response to the programmable non-volatile fuse circuit. 

10. The memory device of claim 9 further comprising a volatile latch circuit coupled 
between the programmable non- volatile fuse circuit and the adjustable delay element. 

1 1 . The memory device of claim 9 wherein the programmable non- volatile fuse 
circuit comprises a plurality of flash memory cells. 

12. The memory device of claim 9 wherein the adjustable delay element comprises a 
plurality of capacitors selectively coupled to a propagation path in response to the 
programmable non-volatile fuse circuit to establish one of the plurality of propagation 
times. 
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13. A synchronous flash memory device comprising: 
an array of non-volatile memory cells; 

access circuitry to generate a plurality of memory array access signals; and 
an adjustable timing circuit coupled to the access circuitry, the adjustable timing 
circuit comprises, 

a programmable non- volatile fuse circuit comprising non- volatile 
memory cells, 

a volatile latch circuit coupled to the non-volatile fuse circuit, and 
a plurality of adjustable delay elements coupled to the volatile latch 
circuit, each of the plurality of adjustable delay elements comprises a 
propagation path, and a plurality of capacitors selectively coupled to the 
propagation paths of the plurality of adjustable delay elements in response to the 
volatile latch circuit. 

14. The flash memory of claim 13 wherein the plurality of capacitors selectively 
coupled to the propagation paths via a switch activated by the volatile latch circuit. 

15. A method of adjusting a signal timing circuit comprising: 
programming a non-volatile fuse circuit; and 

selecting a signal propagation time length in response to the programmed non- 
volatile fuse circuit. 

1 6. The method of claim 1 5 wherein selecting the signal propagation time length 
comprises selectively coupling one or more capacitors to a propagation path of the 
signal timing circuit. 

17. The method of claim 1 5 wherein the non- volatile fuse circuit comprises a 
plurality of floating gate transistors. 
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1 8. The method of claim 1 5 further comprises storing data from the non- volatile 
fuse circuit in a plurality of volatile latches. 

19. A method of adjusting a signal timing circuit comprising: 
programming a plurality of non- volatile fuses to store first data; 

copying the first data from the plurality of non- volatile fuses to a plurality of 
latch circuits; and 

selecting a signal propagation time length in response to the first data stored in 
the plurality of latch circuits. 

20. The method of claim 1 9 wherein the wherein selecting the signal propagation 
time length comprises selectively coupling one or more capacitors to a propagation path 
of the signal timing circuit. 

2 1 . The method of claim 1 9 wherein the non- volatile fuse circuit comprises a 
plurality of floating gate transistors. 

22. A method of testing a memory device comprising a signal propagation path, the 
method comprises: 

programming a plurality of non- volatile fuses to store first data; 

selectively coupling one or more capacitors to the propagation path in response 
to the first data to provide a first propagation path delay time; 

testing the memory using the first propagation path delay time; 

programming the plurality of non-volatile fuses to store second data; 

selectively coupling one or more capacitors to the propagation path in response 
to the second data to provide a second propagation path delay time; and 

testing the memory using the second propagation path delay time. 
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23. The method of claim 22 wherein the memory device is a flash memory having 
an array of floating gate memory cells and the plurality of non- volatile fuses comprise 
floating gate transistors. 

24. The method of claim 22 further comprising: 

copying the first data from the plurality of non- volatile fuses to a plurality of 
latches before selectively coupling one or more capacitors to the propagation path in 
response to the first data; and 

copying the second data from the plurality of non- volatile fuses to the plurality 
of latches before selectively coupling one or more capacitors to the propagation path in 
response to the second data. 
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Abstract of the Disclosure 

An adjustable timing circuit includes non- volatile programmable fuses and 
adjustable delay elements. A propagation time of the delay element is selected with the 

5 non-volatile fuses. The delay element can include capacitors that are selectively 

coupled to a propagation path in response to the data stored in the fuse circuits. In one 
embodiment, data stored in the programmed fuses is copied to volatile latch circuits for 
use during operation of the timing circuit. The adjustable timing circuit can be provided 
in any integrated circuit, but is particularly useful in memory devices. The timing 

10 system allows for testing and fine-tuning signal processing in the integrated circuits. 
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United States Patent Application 

DECLARATION 



As a below named inventor, I declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and joint inventor of the subject matter which is claimed and for 
which a patent is sought on the invention entitled: 

ADJUSTABLE TIMING CIRCUIT OF AN INTEGRATED CIRCUIT 

the specification of which is attached hereto. 

I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information that is material to the patentability of 
this application in accordance with Title 37, Code of Federal Regulations, § 1.56 (see page 3 
attached hereto). 



I claim foreign priority benefits under 35 U S.C. § 1 19/365 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application 
for patent or inventor's certificate having a filing date before that of the application on the basis 
of which priority is claimed. 



Prior Foreign 
Application 
Number(s) 


Country 


Foreign Filing Date 
(MM/DD/YYYY 


Priority 

Not 
Claimed 


Certified 

Copy 
Attached 













I claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application(s) listed 
below. 



Application Number(s) 


Filing Date (MM/DD/YYY) 







I claim the benefit under 35 U.S.C. § 120/365 of any United States and PCT international 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of 35 U.S.C. § 1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37 C.F.R. § 1 .56 which became available between the filing date of the prior 
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+ 

application and the national or PCT international filing date of this application. 



U.S. or PCT Application 
Number 


Filing Date 
(MM/DD/YYYY) 


Patent No. 









I declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 



Full Name of inventor: 

Citizenship: 

Residence: 

Post Office Address: 



Dean Nobunaga 

United States of America 

39639 Leslie^freef#240 
FremofrtTCA 94538 



Signature: 



Full Name of inventor: 

Citizenship: 

Residence: 

Post Office Address: 




Date: 



Frankie FMKoohparvar 
United States of America 

661 Aberdeen Court 
Miltitas, CA 95035 



CO 



Signature 




Date: 
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§ 1 .56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is 
best served, and the most effective patent examination occurs when, at the time an application is 
being examined, the Office is aware of and evaluates the teachings of all information material to 
patentability. Each individual associated with the filing and prosecution of a patent application 
has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose 
to the Office all information known to that individual to be material to patentability as defined in 
this section. The duty to disclose information exists with respect to each pending claim until the 
claim is canceled or withdrawn from consideration, or the application becomes abandoned. 
Information material to the patentability of a claim that is canceled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any 
claim remaining under consideration in the application. There is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all 
information known to be material to patentability is deemed to be satisfied if all information 
known to be material to patentability of any claim issued in a patent was cited by the Office or 
submitted to the Office in the manner prescribed by §§ 1 .97(b)-(d) and 1 .98. However, no patent 
will be granted on an application in connection with which fraud on the Office was practiced or 
attempted or the duty of disclosure was violated through bad faith or intentional misconduct. 
The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart 
application, and 

(2) the closest information over which individuals associated with the filing or 
prosecution of a patent application believe any pending claim patentably 
defines, to make sure that any material information contained therein is 
disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative 
to information already of record or being made of record in the application, and 

(1) it establishes, by itself or in combination with other information, a prima facie 
case of unpatentability of a claim; or 

(2) it refutes, or is inconsistent with, a position the applicant takes in: 

(i) opposing an argument of unpatentability relied on by the Office, or 

(ii) asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion 
that a claim is unpatentable under the preponderance of evidence, burden-of-proof standard, 
giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an 
attempt to establish a contrary conclusion of patentability. 
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(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

( 1 ) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or 
prosecution of the application and who is associated with the inventor, with the 
assignee or with anyone to whom there is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 
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